Introduction: Staphylococcal colonization is a risk factor for healthcare-associated infections, which are frequent in Neonatal Intensive Care Units (NICU). This study analyzed microbiology, epidemiology and clinical aspects of Staphylococcus spp. colonizing neonates. Methodology: Nasal or periumbilical swabs were evaluated from 175 newborns admitted to a NICU of a Rio de Janeiro hospital from March to September 2009. Clinical data were obtained from the medical records. SCCmec typing and the mecA and Panton-Valentine Leukocidin (PVL) genes were detected by PCR. Clonal diversity was evaluated by pulsed-field gel electrophoresis. Results: Staphylococcus spp. isolates were detected in 98 (56%) neonates, 66.3% of them had birth weight ≤ 2500 g, 62.2% were preterm (˂ 37 weeks) and the mean length of hospitalization was 14.9 days. Among the 133 isolates identified, 48.1% were S. epidermidis, 23.3% S. haemolyticus and 13.5% S. aureus. Methicillin-resistant Staphylococcus isolate was detected in 77.6% of neonates. The methicillin-resistant S. aureus isolates carried the SCCmec type IV, while 94.6% of S. epidermidis and 85.7% of S. haemolyticus presented non-typeable cassettes. Among the S. aureus, 55.6% had PVL genes and the USA800 genotype was prevalent. Two genotypes of S. epidermidis and one of S. haemolyticus clustered 42.2% and 25.8% of the isolates, respectively. S haemolyticus colonization was associated with the use of parenteral nutrition and mechanical ventilation. Conclusion: High rate of neonates colonized by methicillin-resistant Staphylococcus species and the permanence of clones circulating in the NICU highlight the importance for continuous and preventive surveillance in this high-risk population.
Introduction
Neonates admitted to neonatal intensive care units (NICU) are susceptible to health care associated infections (HCAI) due to low birth weight, poor skin integrity, immature immune system and frequent use of invasive devices [1] . Staphylococcus aureus is the etiologic agent of 10% to 25% of HCAI in NICUs [1] [2] [3] [4] , while methicillin-resistant S. aureus (MRSA) isolates are responsible of 2 to 5% of these infections [5, 6] and are associated with significant morbidity and financial burden [7] . Another disturbing factor is the presence of the Panton-Valentine leukocidin (PVL), a pore-forming toxin associated to a wide range of infections [8] that could exacerbate the prognosis of infected neonates.
Coagulase Negative Staphylococcus (CoNS) isolates are normally skin and mucosal surface colonizers. However, their access to deep tissues, usually through indwelling devices, can promote an opportunistic infection [1] . They are responsible for 10% to 40% of the bloodstream infections (BSI) [1] [2] [3] 6] , and a high mortality rate of 46% was already associated to infections by CoNS in an intensive care unit [3] . Among neonates, S. aureus and CoNS are responsible for 18% and 54% of late onset sepsis, respectively [9] , and Staphylococcus epidermidis and Staphylococcus haemolyticus are the most frequently isolated CoNS species [10] .
Staphylococcus colonization is known to be an important and independent risk factor for infection, mainly by multiresistant isolates [11] , and, therefore, efforts to reduce these pathogens remains a high priority in NICUs. In this study, we characterized Staphylococcus spp. isolates colonizing patients in a Neonatal Intensive Care Unit in Rio de Janeiro in order to verify which species of this genus are circulating in the unit, their antimicrobial susceptibility profile, clonal diversity and associated clinical aspects.
Methodology

Patients and specimen collection
The study was conducted at the NICU of a public hospital in Rio de Janeiro from March to September 2009, under Ethics and Research Committee number 372A/2007. This NICU has five ICU beds and 15 intermediate unit beds, located in the same physical space. All neonates consecutively admitted with up to 28 days old were included. Patients who were discharged before the swab collection, born in other units or from home birth were excluded. Clinical data were collected from the patients charts and included: date of birth, weight at birth, gestational age, length of hospitalization and underlying conditions. The Infection Control Commission staff collected one nasal or periumbilical swab per neonate. Periumbilical swabs were obtained from neonates with no access to the nasal site. The specimens were immediately inoculated onto mannitol salt agar and incubated at 37°C for 24 hours.
Identification of isolates
All isolates were initially analyzed and identified by a simplified phenotypic test [12] . S. aureus, S. epidermidis and S. haemolyticus species were additionally confirmed by a multiplex PCR test [13] . Mass spectrometry technology using the Matrix Assisted Laser Desorption Technology/Ionization Time of Flight (MALDI-TOF) technique (Bruker Daltonics, Billerica, MA, USA) was used to confirm CoNS species. Runs were carried out using the FlexControl software in the default mode and identification scores were generated with the Biotyper version 3.1, considering 2.0 as the cutoff score.
Detection of PVL and mecA genes and SCCmec typing
After bacterial DNA extraction [14] , the detection of the S. aureus pvl genes was performed as previously described [15] , as well as the mecA gene detection [13] and SCCmec typing [16] . S. aureus strains were used as positive controls: Mu50 (SCCmec II) [17] , 63a (SCCmec III) [18] , and 526a (SCCmec IV and pvlpositive) [19] . S. lugdunensis strain (468s) was used as positive control of SCCmec V [20] .
Clonal relatedness
Clonal relatedness of the isolates was evaluated by pulsed field gel electrophoresis (PFGE) [18] . Bacterial DNA was extracted and digested with 20 U of SmaI enzyme (New England Biolabs, Rowley, MA, USA). The restriction fragments were separated using a BioRad CHEF DR III apparatus. The PFGE profiles were analyzed with Bio-Numerics 6.0 software (Applied Maths, Biomérieux, Sint-Martens-Latem, Belgium). Similarity percentage was identified on a dendrogram derived from the unweighted pair group method using arithmetic averages and based on Dice coefficients. Isolates showing a similarity coefficient < 80% or differences of five or more bands were considered genetically unrelated.
Statistical methods
Statistical analysis was performed in order to detect possible associations between the clinical data and Staphylococcus species, prevalent clones, PVL genes carriage, methicillin-resistance and SCCmec types. The Fischer's exact test was used and differences with p < 0.05 values were considered statistically significant.
Results
Clinical data and Staphylococcus spp. identification
During the study, 428 newborns were admitted to the NICU, and 253 (59.1%) were excluded ( Figure 1 ). One hundred seventy-five swabs were obtained (159 nasal and 16 periumbilical), and Staphylococcus species were isolated from 98 (56%) of them. Sixty-six (67.3%) neonates presented a single staphylococcal species colonizing, while two or three species were found in 32 (32.7%) neonates (Table 1) . Among 98 colonized neonates, 66.3% had birth weight ≤ 2500g, 62.2% were preterm (˂ 37 weeks) and 68.4% presented respiratory distress or neonatal sepsis. The mean length of hospitalization was 14.9 days. About 84% of the positive swabs for Staphylococcus spp. were collected in the first ten days of hospitalization and the median time was 4, 5 and 7 days for S. aureus, S. haemolyticus and S. epidermidis, respectively. Twelve (66.7%) S. aureus isolates were detected in the first five days of hospitalization. There was no relation between birth weight, gestational age, underlying conditions and the number or species of Staphylococcus identified. Statistical association was found between colonization by S. haemolyticus and use of parenteral nutrition (p = 0.04).
A total of 133 isolates were identified: S. epidermidis (64 isolates; 48.1%), S. haemolyticus (31; 23.3%) and S. aureus (18; 13.5%) were the most frequent species (Table 2 ). Another five CoNS species were detected from 20 samples, 70% of them were classified as S. capitis subsp. capitis or S. hominis subsp. hominis. S. epidermidis was the most frequent species found colonizing as a single microorganism (35.7%).
Detection of mecA and PVL genes and SCCmec typing
Seventy-six (77.6%) neonates had at least one methicillin-resistant Staphylococcus species. The mecA gene was detected in 71.4% of the isolates (Table 2 ). S. haemolyticus (90.3%) and S. epidermidis (87.5%) presented the highest rates of methicillin-resistance, while two S. aureus isolates carried the mecA gene. The MRSA isolates had SCCmec type IV, while 94.6% and 85.7% of the S. epidermidis and S. haemolyticus isolates, respectively, were classified as non-typeable (NT). All eight S. capitis subsp. capitis isolates had the mecA gene and the SCCmec IV, while most of the other CoNS were sensitive to methicillin. Among the 18 S. aureus isolates, 55.6% harbored pvl genes, including the two MRSA type IV isolates. No statistical association was found between the presence of PVL genes or methicillin resistance with clinical data of the patients.
Clonal profile of the prevalent Staphylococcus spp. species
The three most frequent species were evaluated by PFGE, and for 18 S. aureus isolates, eight clones (A'-H') were detected, being 44.4% of them identified as Pediatric clone or USA800 (Figure 2 ). This clone was found in almost every month of the study and 62.5% (5/8 isolates) of them were positive for the pvl-genes. Genotype B', identified as the Oceania clone was the second most frequent, and among four isolates detected, two were pvl-positive isolates. The 64 S. epidermidis isolates were distributed into 18 clones (A -R), and the most frequent G and D genotypes comprised 42,2% of the isolates, and colonized 15 and 12 neonates, respectively ( Figure 2 ). These two genotypes persisted throughout the months of the study, and all these isolates were methicillinresistant. Among 31 S. haemolyticus isolates 14 clones (a -n) were detected, with the genotype b as the most frequent and persistent, grouping 8 (25.8%) isolates. The S. epidermidis clone D was more frequent in newborns with some underlying disease (p = 0.04) or when they were born by cesarean section (p = 0.0004). Colonization by S. haemolyticus clone b isolates was associated with the use of mechanical ventilation (p = 0.02).
Discussion
The association between staphylococcal colonization and the development of infection is evident, especially among neonates [4, 21, 22] , justifying the characterization of Staphylococcus species colonizing neonates in a NICU of Rio de Janeiro. In this study, the majority of neonates were preterm and had birth weights ≤ 2500g. These facts may be the reflection that the study encompasses children of a low-income population in a hospital in a developing country. Fifty-six percent of the neonates evaluated were colonized by Staphylococcus species. An overall prevalence of 50.9% and 10.3% were detected for CoNS species and S. aureus, respectively, consistent with other studies developed in Brazilian NICUs [23, 24] . We did not identify any relation between clinical data and number or species of Staphylococcus isolated. However, in our study, S. haemolyticus colonization was associated with the use of parenteral nutrition, and specifically the clone b was found be related with use of mechanical ventilation. Brito and colleagues reported the use of central venous catheters, mechanical ventilation and total parenteral nutrition, as significant high-risk factors for acquisition of HCAI in a Brazilian NICU [2] . It should be noted that neonates are very vulnerable and frequently handled by health professionals. In addition, the detection of CoNS species colonizing neonates is common [23] and, the same pattern of Staphylococcus species is found as cause of bloodstream infections [10] , highlighting the importance of the colonization as risk factor in the development of infections by Staphylococcus species.
Among 98 neonates colonized 77.6% had at least one methicillin-resistant Staphylococcus species. Despite the low prevalence of MRSA isolates in our study (2%), similar to that observed by other authors [11, 24] , the majority of the S. aureus isolates (55.6%) harbored pvl genes. Such a high frequency was previously reported by us, however in a study with pediatric outpatients [25] . Panton-Valentine leukocidin is one of the major virulence factors in S. aureus and its leukotoxic action is responsible for high mortality rates associated with necrotizing pneumonia [8] . To the best of our knowledge, this is the first report of this alarming PVL carriage rate in a Brazilian NICU. Among the CoNS, 87.5% and 90.3% of the S. epidermidis and S. haemolyticus isolates harbored the mecA gene, respectively. Ternes and coworkers found 60% of mecA gene positive CoNS isolates colonizing neonates in a Brazilian NICU, increasing to 83.6% among isolates taken during discharged [23] . High rates of resistance among CoNS is probably the result of the selective pressure exerted by the hospital environment. Moreover, CoNS have been the major reservoirs of resistant genes and their ability to transfer them to S. aureus may influence therapy for patients as vulnerable as neonates. Unlike Ternes et al., who reported SCCmec types I, II, and III as prevalent among nasal CoNS isolates [24] , we detect the type V among the CoNS isolates, demonstrating a striking difference for the SCCmec carriage between regions of the same country. Furthermore, 91.7% of our methicillinresistant isolates were non-typeable, reinforcing that CoNS isolates present high variability in their SCCmec structure conformation. Some studies have reported the emergence of S. capitis as cause of HCAIs, especially the SCCmec V NRCS-A clone with reduced susceptibility to antimicrobials [26] , highlighting the emergence of this staphylococcal species, also detected among 8.2% of the neonates colonized in our study.
For all Staphylococcus isolates the median time for patient colonization ranged from 4 to 7 days, reflecting a rapid colonization by these microorganisms in the study NICU. According to Ghirardi and coworkers, once multiresistant organisms are introduced into a healthcare setting, some aspects that allow their transmission and persistence are the availability of vulnerable patients, antimicrobials selective pressure and the potential of intra hospital transmission [27] . We identified staphylococcal clones that persisted in the NICU of this study. Worldwide reports for S. aureus isolates show the presence of persistent clones, such as the Brazilian endemic clone (BEC)/ST239 in Brazilian hospitals [18, 24] , and USA300/ST8 in USA [21] . Unlike another Brazilian NICU report that found BEC as the prevalent clone among nasal isolates [24] , the Pediatric clone was the most frequent lineage in our study. It is evident that S. aureus epidemiology is changing worldwide, as we have also seen in Rio de Janeiro hospitals [28] , with the substitution of BEC by other MRSA lineages. Among the CoNS, we identified three prevalent clones (two of S. epidermidis and one of S. haemolyticus) disseminated and persistent in this NICU during the study period. The presence of persistent clones of Staphylococcus species colonizing neonates and their association with subsequent infection has already been reported [29] . It is important to highlight that the S. epidermidis clone D and S. haemolyticus clone b were more frequent in neonates presenting some underlying disease and need for mechanical ventilation, respectively. Klingenberg et al. identified Staphylococcus endemic clones more frequently in very pre-term infants, probably as a result of frequent therapeutic handling, enhancing the risk of cross transmission within the NICU [29] . Therefore, we believe that frequent control practices should be implemented especially in NICUs where persistent Staphylococcus clones have been identified and are associated with relevant clinical aspects.
Our study had limitations since only one swab per patient was collected and it was performed on days established by the surveillance survey staff. Thus, we could not standardize or systematize the sampling, which may have influenced our results. Moreover, the comparison with groups of patients without Staphylococcus colonization could allow us to better understand about the dynamics of the colonization by staphylococci.
Conclusion
In conclusion, there was a high rate of colonization by methicillin-resistant Staphylococcus species in neonates and the presence of prevalent clones circulating in the NICU during the study period associated with relevant clinical aspects. Therefore, this study highlights the importance for continuous surveillance and use of preventive measures against the acquisition of Staphylococcus species in high-risk population.
